Questions of the modification of polymers, including elastomers, are increasingly attracting the attention of researchers in the context of purposeful change in the functional properties of the materials. To produce highquality rubbers, it is often sufficient to modify already existing materials.
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Questions of the modification of polymers, including elastomers, are increasingly attracting the attention of researchers in the context of purposeful change in the functional properties of the materials. To produce highquality rubbers, it is often sufficient to modify already existing materials.
The good service properties of offset rubbers are among the main factors ensuring a high quality of print. Offset rubber sheets consist of several layers of cotton fabric interlayers impregnated with synthetic isoprene rubber, joined during vulcanisation with an outer layer of nitrile rubber of 0.7-0.05 mm thickness [1] [2] [3] [4] . During printing, the rubber material is continuously subjected to mechanical and chemical effects. The chemical processes occurring under the action on the surface of the rubber material of inks, solvents, and atmospheric conditions lead to a change in the properties of the rubber, to the appearance of microcracks, and to the curing of the surface layer. In turn, the external mechanical effects accelerate the chemical processes occurring in the rubber and thereby promote acceleration of the ageing process [5] .
The main requirements laid down for offset sheets are: a mat, even surface taking up ink well from the plate and possibly transferring its print more fully; the absence of mechanical damage on the surface of the offset sheet; under the action of ink solvents and wash solutions, the upper layer should not soften, dissolve, or peel away from the base [6] . The rubber-fabric blankets should be elastic in order to compensate for microunevennesses of the printing plate and the material being printed upon, and for indentation on contact with crumpled areas, bands of protective hydrophilic colloid not washed from the plate. After compression, they should recover rapidly, returning to their original state. Such a property is possessed by microporous compressible multilayer rubber-fabric blankets.
During operation, the surface of the offset blankets periodically undergoes the action of pressure in the zone of contact with the printing plate or paper, friction during slip in the zones of contact, and the abrasive action of the paper dust and particles formed by wear of the printing plate and blanket. Plate wear is determined mainly by effects of slip, i.e. the sheets wear chiefly on account of abrasion. During printing, frictional interaction occurs between the surface layer of the offset sheet and the moving paper or ink which are pressed down by the roller to the rubber layer. Therefore, the tribotechnical characteristics of offset sheets (the friction coefficient and the intensity of wear) are extremely important for printing processes.
In view of the fact that offset sheets are a very expensive imported material, it is expedient to subject their surface to physicochemical modification to improve plate life and increase durability. After modification of the offset sheets, the surface layer should possess good ink wettability and high wear resistance.
On the basis of published data and preliminary tests it was established that the most effective methods of surface modification that are acceptable for offset rubbers are irradiation (UV, IR, microwave), vacuum compression treatment (modification by friction), the action of chemical agents, and the complex action of different radiations and chemical agents [7] [8] [9] [10] [11] . As a result of treatment of the surface layer of the offset rubber, its molecular structure and topology change, which leads to a change in the physical and chemical properties of the surface layer.
The aim of the work was to develop methods for the physicochemical modification of the surface layer of the offset rubbers to improve their service properties. The surface layer of offset rubbers was modified by chemical, physical, or physicochemical methods.
Investigations were carried out on model specimens of offset rubbers of the German companies Unilit and Bayer Rubber and Russian-produced DK offset rubber. UV, IR, and microwave effects were used as active physical actions. Surface treatment by microwave radiation was carried out in a microwave oven of grade SP-125 NSMR with a current frequency of 2.46 GHz for 1-30 min. UV and IR irradiation was carried out with a Medicor radiation source of type Q-145 (Hungary) for 1-15 min in air under normal conditions.
The active chemical agents employed were sulphamic acid (TU 6-09-2437-79), ethyl acetate (GOST 22300-76), triethanolamine (MRTU 6-02-497-88), ethylene glycol (GOST 19780-81), benzene (GOST 5955-75), and "chemically pure" or "pure" sulphuric acid (GOST 4204-77), which were evenly applied to the surface of specimens. After drying of the treated surfaces in air under normal conditions for 48-72 h, the remains of the solutions were removed.
The change in activity of the surface functional groups was assessed from the change in wettability of the surface layer. To this end, the wetting angle of the surface of the offset sheet by water was measured using the method of direct measurement of the wetting angle from the shape of a projector screen image of a drop of distilled water on the sheet [9] . The possible error of measurement of the wetting angle was 3-5° on account of energy inhomogeneity of the solid surface, the presence of contaminants, and other factors. In this connection, a series of measurements was carried out, and the average values were calculated.
The Shore A hardness of the rubber was determined to GOST 263-75. The tribotechnical characteristics of offset rubbers were determined by assessing the friction coefficient and the intensity of wear. Tests were carried out by a shaft-insert scheme at a slip velocity of 0.25 m/ s and a load of 2.5 MPa. A roller of 45 steel of 40 mm diameter with an initial roughness R a = 0.32 µm was used as the shaft. The insert, measuring 20-10 mm, was made of the investigated material and was pressed against the roller using a holder. The tests were carried out in offset ink (TU 29-02-1070-92), a solution of which was fed into the zone of friction by dipping the roller into a vessel with the ink. In tribotechnical tests, modification was carried out with chemical agents of maximum concentration and by irradiation for 5 min. The complex treatment was carried out in the following order: (1) irradiation, (2), treatment with a chemical agent, (3) drying.
The comparative properties of the initial offset rubbers are given in Table 1 .
A study of the surface of offset sheets by scanning electron microscopy (SEM) showed that initial specimen 1 of DK rubber (Russia) is characterised by a fine-grained structure. After operation (transfer of an image using printing ink), the form of the surface changes considerably. Areas appear on the surface that have significant damage in the form of pitting, some of the pits being of considerable size (up to 30 µm). A network of fatigue cracks is formed on the greater part of the surface layer. This is probably caused by multicyclic mechanical loads and physicochemical transformations in the contact zone with the participation of printing ink, which lead to the emergence and development of surface cracks. Such areas break down with time, and damage forms. Initial specimen 2 (Unilit, Germany) is likewise characterised by a fine-grained structure. The damage is probably of fatigue origin, and is more pronounced on the local level.
Thus, during operation, damage of the surface layer of offset sheets occurs as a result both of physicochemical transformations and of fatigue processes. To reduce the adverse effect of these factors, it is necessary to increase the chemical resistance of the surface layer by its physicochemical modification.
It was established that the treatment of the surface of offset sheets with chemical agents and its irradiation in the range 10-107 nm causes considerable changes to the properties of the surface layer.
It was shown that, during irradiation of the surface layer of offset rubbers, their properties depend on the wavelength of radiation. The dependences of the wetting angle on the nature of the chemical agents used, the wavelength of radiation, and the complex physicochemical treatment of the surface of Unilit offset sheet are given in Table 2 . During complex treatment, irradiation was carried out for 5 min, followed by surface treatment with a chemical agent.
It was established that the most effective methods for modification, changing the wettability of the surface of rubber-fabric sheets, are UV and microwave irradiation, and also complex treatment. Thus, with UV irradiation and treatment with sulphamic acid or triethanolamine, the wetting angle is reduced by a factor of 1.6, and with microwave irradiation and treatment with sulphamic acid it is reduced by a factor of 2.4 (see Table 2 ). The considerable improvement in wettability of the surface layer is due to the fact that microwave and UV irradiation of the surface of crosslinked rubbers evidently leads to rupture of some chemical bonds and rearrangement of the structure of the polymer. Additional treatment of the surface layer of the rubber, activated by microwave or UV irradiation, with a solution of triethanolamine or sulphamic acid increases the degree of diffusion of the modifier molecules deep into the material, which increases the wettability of the offset rubbers.
The change in the wettability of the surface layer of grade DK offset sheet after treatment with an aqueous solution of ethyl acetate is presented in Figure 1 . The most effective reduction in the wetting angle is achieved after treatment with 100% ethyl acetate.
The influence of the duration of microwave and UV irradiation is shown in Figure 2 .
As follows from the data presented, irradiation increases the surface wettability considerably. Most effective is UV irradiation (Θ is reduced by up to 20%). By microwave irradiation it is possible to increase the surface wettability by up to 12%. Prolonged irradiation leads to ageing of the rubber and to deterioration in wettability. The change in the wetting angle of the surface of grade DK offset rubber after physicochemical modification by UV irradiation and sulphamic acid is presented in Figure 3 .
It was shown that the following physicochemical treatment is most effective: (1) UV irradiation of the surface; (2) surface treatment with sulphamic acid (immediately after UV irradiation); (3) drying of the surface (48-68 h).
The physicomechanical and tribotechnical characteristics of the initial and modified offset sheets are presented in Table 3 .
A considerable reduction in the friction coefficient and a reduction in wear are achieved after treatment 2 of the surface with ethylene glycol or complex treatment with UV irradiation and sulphamic acid. It was shown that, with physicochemical modification of offset sheet, the Shore A hardness, the friction coefficient, the rate of wear, and the wetting angle decrease (see Table 3 ).
Thus, it has been shown that, during modification, considerable changes in the composition and structure of the working layer of the offset sheet occur. It was established that complex treatment with UV irradiation and sulphamic acid has the most effective influence on the physicochemical and tribotechnical surface properties of offset sheet. The modification methods developed make it possible to increase the wear resistance of offset sheets and, consequently, to reduce material costs during offset printing. 
